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Abstract 
We present a multisensor probe containing four ISFET (Ion Sensitive Field Effect Transistor) sensing elements aiming at the real 
time monitoring of nutrients in the soil. A miniature solid-state reference electrode is integrated with the probe, which renders the 
probe resistant against prolonged periods of drying. The sensing elements inside the probe are selective towards K+, NO3-, H2PO4- 
as well as pH. Our measurements show, that the probe can identify the specific ions at concentrations as low as 10-5M (for K+), 
with a sensitivity of 33 mV/decade for NO3-, 48 mV/decade for K+ and 55 mV/decade for pH. 
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1. Introduction 
With the increasing global population, efficient farming becomes an ever growing issue. One aspect is the suitable 
application of nutrients, since controlled fertilization is an important and increasingly challenging aspect of modern 
farming due to its environmental but also economic implications. Thus, interest in the real-time monitoring of nutrient 
levels is growing in order to be able to adjust fertilization based on the actual needs. 
In the scope of the EU project NUTRISTAT (FP7-SME-2011), we developed a multisensor probe (figure 1) which 
will allow the quasi real-time monitoring of soil nutrients. The probe, which is part of the overall NUTRISTAT 
measurement system, consisting of pumps, a lysimeter (MMM, Germany) – for the collection of liquid from the soil 
– control electronics and wireless communication modules (Ateknea Solutions, Malta), contains four ion selective 
sensor elements and a miniature solid-state reference electrode. The former are ISFET sensors equipped with different 
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ion selective membranes for the detection of H+ (pH), K+ (Potassium), NO3- (Nitrate) and H2PO4- (Phosphate) in the 
collected liquid. 
 
Fig. 1.  Photograph of the multisensor probe including four ISFET sensor elements and a miniature reference electrode mounted in a LTCC (low 
temperature co-fired ceramics) package (MSE, Germany), which provides electronic and fluidic connections.  
2. Probe preparation and setup 
The multisensor probe comprises of four Ta2O5 isolated gate ISFET sensors mounted into a LTCC (Low 
Temperature Cofired Ceramics) flow through cell with an integrated solid state miniature Ag/AgCl reference electrode 
[1]. The ion selectivity of the individual sensors is obtained via the deposition of ion selective membranes onto the 
ISFET gate area. The membranes are composed of a PVC matrix with added ionophores. The selection of the 
ionophore is based on the targeted ion. The membrane is drop-cast onto the sensing area and forms a layer with a 
thickness of several micrometer. The adhesion of the membrane to the gate surface is an important parameter, since it 
has an impact on the sensor performance. After the membrane deposition, the flow-through cell is closed with a glass 
lid, which hold the miniature solid-state reference electrode. The assembly is shown in figure 1. The module can be 
connected to a miniature pump or a syringe based system in order to flow the samples through the measurement 
chamber. 
3. Measurement and Results 
The multisensor probe has been characterized with regards to the sensor selectivity as well as sensitivity towards 
the selected ions. The selectivity was evaluated using the separate solution method. Our measurements show that the 
probe can distinguish the different ions of interest as demonstrated in figure 2. It is apparent that each buffer has its 
own distinctive “fingerprint”. The ion selectivities, which are based on the properties of the ionophores used in the 
PVC membranes [2], are in agreement with values presented in literature [3].  
 
 
Fig. 2.  Summary of the separate solutions measurement of the multisensor probe (buffers at a concentration of 0.1M). The results are grouped by 
sensor channel and the sensor output is given in mV. 
#1 (pH) #2 (NO3-) #3 (H2PO4-) #4 (K+)
NaCl 1941.6 1843.6 1740.4 1774.0
K2SO4 1912.7 1821.2 1754.3 1918.1
NaNO3 1907.3 1676.5 1637.6 1780.0
NaH2PO4 1913.0 1812.8 1628.9 1799.4
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The evaluation of the specific sensitivity of the individual sensors within the probe shows a low cross sensitivity 
(figure 3 a-c). Only the sensor targeting the ion in question exhibits a significant response to the changing ion content. 
The response of the other three sensors remains almost constant.  The low sensitivity to pH, which is observed for the 
ISFETs with ion selective PVC membranes is also an indicator for a good adhesion of the membrane to the ISFET 
gate area, since any leakage would lead to an increased pH-related sensor response. The sensitivity of the sensor probe 
towards the different ions is -55mV/pH for pH, 48mV/decade for K+ and -33mV/decade for NO3-. 
 
a) b) 
 c) 
 
 
While monitoring pH, K+ and NO3- is relatively straightforward, the detection of H2PO4- in solution is more 
challenging. The reason being that the targeted H2PO4- only presents a fraction of the overall amount of content. The 
distribution of the different phosphate variants depends on pH [4]. Therefore we used a pH stabilized buffer solution 
(0.01M MES at pH4.5) for the measurement determining the sensor selectivity. The result of the separate solutions 
measurement shown in figure 6 and indicates a clear selectivity towards H2PO4- of the respective sensor. The 
selectivity coefficients obtained from the measurement are in agreement with those presented in literature (figure 4) 
[5]. 
Fig. 3. Response of the multisensor probe to different buffer solutions:  
a) buffers of varying pH. The pH sensitivity of sensor #1 (pH) is around -55mV/pH,  
b) buffers of varying in KCl concentration (interfering ion NaCl at 0.1M to stabilize the ionic strength). The K+ sensitivity of sensor #4 (K+) is 
around 48mV/decade, 
c) buffers of varying in NaNO3 concentration (interfering ion NaCl at 0.1M to stabilize the ionic strength). The NO3- sensitivity of sensor #2 
(NO3-) is around -33mV/decade. 
1432   Ulrike Lehmann and Alain Grisel /  Procedia Engineering  87 ( 2014 )  1429 – 1432 
 
4. Conclusion 
The ISFET based miniature multisensor presented here constitutes a promising tool for the quasi real-time 
monitoring of nutrients in liquid soil extracts. We successfully demonstrate the distinct response of the system towards 
buffer solutions of varying ion content, which will allow the detection of the targeted ions in mixed samples. The 
sensor sensitivity permits the measurement of K+ below 0.1mM and the detection of NO3- down to 0.1mM, while 
covering a pH range of pH2 to pH10. These measurement ranges cover the ion contents expected in liquid soil extracts. 
A H2PO4- targeting sensor is also integrated with the probe, showing a good selectivity towards the H2PO4- fraction of 
the overall phosphate. The use of a solid state reference electrode makes the probe resistant against drying, which is 
an important aspect for the on-site installation of a nutrient monitoring system.  The flow-through cell design of the 
multisensory allows an easy integration with any type of fluidic circuit, able to deliver the liquid soil extract. 
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Fig. 4. H2PO4- selectivity measurement: 
LEFT) Separate solutions measurement of the H2PO4- selective sensor. The graph summarizes multiple measurement with three different 
sensors of the same type. The buffers were stabilized at pH4.5 (in 0.01M MES).  
RIGHT)  Selectivity coefficients (logKNO3-,X) of PVC/o-NPOE membranes with H2PO4- targeting ionophore [5]. 
